Objective Paragonimiasis is a typical food-borne parasitic disease mainly endemic in Southeast Asia. In Japan, the disease has been re-emerging since the 1980s. In addition, recently we encountered an increasing number of immigrants with paragonimiasis in Japan. In this study we summarized the clinical features of immigrants.
Introduction
Paragonimiasis is a subacute to chronic inflammatory lung disease caused by infection with the lung flukes, Paragonimus spp. The disease is mainly endemic in Southeast Asia. In Japan two species, P. westermani and P. miyazakii, are the causative pathogens of human paragonimiasis with the extreme predominance of P. westermani infection (1) . Infection in humans occurs by ingestion of raw or undercooked freshwater crabs or crayfishes, the second intermediate host, or of the raw meat of wild boar, a paratenic host (2) . Paragonimiasis is re-emerging in Japan since the 1980s. In the recent 5 years, a total of 152 cases of paragonimiasis were referred to and diagnosed in our laboratory. A majority of the patients were middle-aged Japanese men having a history of eating raw meat of wild boar (1) (2) (3) (4) . Among those 152 cases, 18 were immigrants, 16 from China and 2 from Thailand. Twelve of 16 Chinese patients were infected as 4 small groups of family or compatriots. In this study we analyze the clinical features of immigrants with paragonimiasis.
Patients and Methods

Patients
Among a total of 152 paragonimiasis cases referred to and diagnosed in our laboratory during 1998 to 2002, 18 were immigrants; 16 from China and 2 from Thailand. All patients were diagnosed as having paragonimiasis by the combination of clinical findings and detection of specific antibody against Paragonimus spp. All patient's sera and/or pleural effusion were primarily screened by a multiple-dot ELISA test against twelve different parasite antigens including P. westermani and P. miyazakii. To identify the causative Paragonimus species Ouchterlony's method and/or binding inhibition ELISA was employed as described previously (5) . All 18 immigrants were defined to be infected with P. westermani. The patients were treated with praziquantel (PZQ) 75 mg/kg/day for 3 days at least once. Efficacy of the treatment was evaluated by a combination of parasite specific-IgG antibody titer measured by microplate ELISA before and after the treatment and the changes of clinical findings. The procedure of microplate ELISA was described previously (6) . Clinical data of the patients were gathered from the consultation sheets from attending physicians. The patients showing reduction of the lung lesions, eosinophilia and of antibody titer are considered to be in the curing process.
Results
Annual number of paragonimiasis cases referred to and diagnosed in our laboratory from 1986 to the present and the number of immigrant cases are shown in Fig. 1 . We had only one immigrant case with paragonimiasis before 1997. However, along with the increase in number of paragonimiasis cases found in our laboratory, the immigrant cases gradually increased. In the recent 5 years (1998-2002), a total of 18 immigrants were found among 152 paragonimiasis cases.
Immigrant patients' profile, symptoms and laboratory data are summarized in Table 1 . The patients consisted of 12 females and 6 males with a mean age of 36 years (range, 15-65 years). Sixteen were from China and 2 from Thailand. Chinese patients include 4 small groups of family and/or compatriots; patients #1-4 (#4 is a son of #2), #6-8, #12-13 and #16-18 (#16 is a wife and #17 is a daughter of #18). All but 2 patients had a history of eating freshwater crabs. Among 4 family or small group infections, one group (patients #1-4) ate imported Chinese freshwater crabs at the Chinese restaurant owned by one of the patients. Another group (patients #12-13) ate bottled "drunken crabs" (Chinese freshwater crabs soaked in Chinese liquor) brought back to Japan as a souvenir. The other two groups (#6-8 and #16-18) ate Japanese freshwater crabs cooked by their traditional ways. When we examined the crabs kept in garlicflavored soy sauce at the patient #6's home, Paragonimus metacercariae (Fig. 2) were found in 2 of 7 crabs.
Respiratory symptoms such as cough, hemosputum, dyspnea and chest pain with lung lesions were observed in 13/18 (72.2%) patients. Some patients had non-specific symptoms such as fever, abdominal pain and diarrhea and 2 patients were asymptomatic though they had chest X-ray abnormalities. Two patients had subcutaneous lesions together with lung lesions. In patient #15, a section of juvenile Paragonimus worm was found in the biopsied skin specimen.
Chest X-ray or CT findings were available in 17 cases. Ten (58.2%) of them showed pleurisy such as pneumothorax or pleural effusion, 3 patients (17.6%) had parenchymatous lesions such as infiltration or nodule and the remaining 4 (24.2%) had pleuro-parenchymatous lesions. Eight (47.1%) of 17 cases had bilateral lesions in the lungs. Although egg detection in sputum was tried for 6 cases, only one case was positive.
Peripheral eosinophil count was available in all cases and 16 (88.9%) of them had eosinophilia (cut-off; 7%). Total IgE level in serum was available in 14 patients and 9 (64.3%) of them showed elevated total IgE level (cut-off; 250 IU/ml) in serum.
Concerning the treatment for paragonimiasis we always recommend attending physicians to use praziquantel (PZQ) at the dose of 75 mg/kg/day for 3 days as the standard, and request them to collaborate with the follow-up study. As shown in Table 2 , 11 cases were treated with a single set of PZQ at the recommended dose and 3 cases (#3, 4 and 6) were given additional sets. Information about treatment and its outcome was not available for 5 cases. Basically the PZQ treatment was satisfactory determined by the improvement of the clinical findings and/or the decrease in antibody titer in the sera.
Among those who received additional sets of treatment, patient #3 received the second set of PZQ 3 months after the first set, because pleural effusion remained in spite of a slight decrease in antibody titer. In case of patient #4, he received an additional 3 sets of PZQ at a 1-week interval 2 months after the first set because of the difficulties of draining of pleural effusion due to pleural thickening and compartmentalization. Although he ate freshwater crabs together with patients #1-3, he had been asymptomatic and the presence of the lesions was discovered by a regular health check up about 1 year after the discovery of others. After the last treatment, his pleural effusion and serum antibody titer gradually decreased. Although patient #6 responded well with the first set of PZQ therapy, he received the second set just for the security because he has been living far away from the hospital and was difficult to follow-up.
In the present study some patients (# 4, 14, 16 and 17) showed a transient increase in antibody titer at 1 or 2 months after the first set of PZQ treatment. Among those, patient #4 was already in the chronic state at his first visit to the hospital. The transient rise of his antibody titer would be explained by the massive release of antigenic materials from the parasites shortly after the treatment. Patient #14 was cured without additional PZQ treatment. In this case seroconversion from IgM to IgG antibody was observed (data not shown), so that the transient rise in IgG antibody titer might be explained by the class switch of specific antibody (7). The other 2 cases are currently under evaluation.
Discussion
Paragonimiasis is a subacute to chronic inflammatory lung disease. When we compared the clinical features of paragonimiasis of the immigrants and the Japanese patients, we found several differences ( Table 3 ). The mean age of the immigrants was younger than that of the Japanese patients and 2/3 of them were females. All but 2 immigrant patients had a history of eating freshwater crabs, whereas the majority of Japanese patients had a history of eating wild boar meat (1) . One of the notable characteristics of the immigrants was a high frequency of group infection. Thus, if physicians encounter a paragonimiasis patient from overseas, they should be aware of possible occult cases among patient's family or compatriots.
All patients in this study were infected with P. westermani. Since P. westermani distributes in Southeast Asia including China and Thailand (8) , some patients might be infected while repeated traveling back to their home country. However, the patients found as small group infections were obviously infected in Japan. One group (patients #1-4) ingested imported Chinese freshwater crabs served at the Chinese restaurant and another group (patients #12 and 13) brought back bottled 'drunken crabs' to Japan as a souvenir. The other 2 groups (patients #6-8 and #16-18) ate Japanese freshwater crabs and we found metacercariae from the crabs kept at the patient #6's home. Thus both domestic and imported freshwater crabs are important infectious source of paragonimiasis in Japan.
All but 2 patients in this study had respiratory symptoms and were admitted to a local hospital (Table 1 ). In contrast, about 20% of Japanese patients were asymptomatic and were found to have chest X-ray abnormalities on routine health checkup (1, 6) . In other words, the timing of diagnosis for immigrant patients tends to be delayed compare to Japanese patients. In addition, the immigrant patients in this study had multiple lesions in both lungs (46.7%), whereas Japanese patients had single lesions in the unilateral lung (1, 6) . Pleurisy was the predominant finding in chest radiography (58.2%) and only one case could detect Paragonimus eggs in sputum smear (Table 1) . These results suggest that immigrants have high-density and/or severe infections compared to Japanese patients.
As shown in Table 3 , the frequency of eosinophilia was similar in both groups of patients (immigrants vs Japanese, 89.0% vs 81.7%), while the frequency of elevation of serum IgE level was 64.3% in immigrants and 83.3% in Japanese patients, respectively. The degree of eosinophilia in immigrants (mean±SD, 43.5±23.3%) was significantly higher than that in Japanese patients (18.0±18.1%, p<0.01). However, the serum IgE level in immigrants (mean±SD, 1,066.3±2,126.6 IU/ml) was significantly lower than that in Japanese patients (3, 930 .9±6,368.7 IU/ml, p<0.05). It is known that a high-dose antigen stimulation tends to strongly induce suppressor/regulatory T cells which reduce IgE production (9) . Thus these results also suggest that immigrants have high-density infections compared to Japanese patients.
Rim (10) reported that 75 mg/kg/day for 3 days was recommended to obtain 100% cure rate with PZQ for paragonimiasis. In this study, all patients, as far we could discern, were treated with this dose. However, the cure rate was 81.8% (9/11) with a single set of PZQ though 2 cases were under evaluation. One reason for the requirement for additional doses of PZQ is the density of infection and/or the severity of disease state of the patients in this study. Patient #3 had bilateral lung lesions and a subcutaneous lesion. Another possibility is the timing of the diagnosis. Patient #4 ate freshwater crabs with his parent and compatriots and probably was infected with Paragonimus at the same time. However his diagnosis was delayed for 1 year because he was asymptomatic during this period. Delayed diagnosis or insufficient drainage of pleural effusion often cause complications such as chronic pleural empyema or insufficient inflation of lungs (11) .
In conclusion, the clinical characteristics of paragonimiasis cases in immigrants are much more severe compared to those of Japanese patients. Since paragonimiasis is still endemic in Southeast Asia including Japan, this disease should always be considered when a patient has lung lesions with eosinophilia and/or hyper IgE, especially in patients who are immigrants/travelers from endemic countries. 
